Background
Experimental and clinical studies provide evidence that vitamin D (VD), VD binding protein (also referred to as a groupspecific component [GC] ), VD receptor (VDR), and retinoids may be involved in the pathogenesis of chronic glomerulonephritis (ChGN) [1] [2] [3] [4] [5] [6] [7] . 1,25(OH) 2 D 3 administered to subtotally nephrectomized rats caused less podocyte injury, decreased podocyte loss, and abrogation of podocyte hypertrophy compared to rats receiving solvent (ethanol) [1] . This active VD reduced glomerular hypercellularity and inflammatory infiltration in anti-Thy-1.1 nephritic rats [2] . 1,25(OH) 2 D 3 was also capable of protecting human cultured podocytes from injury [3] . Increased urinary excretion of VD binding protein was shown in patients with more severe IgA nephropathy [4] . In uremic rats treated with VDR activator (paricalcitol), proteinuria decreased by 32%, glomerulosclerosis and interstitial infiltration were less intense, and renal oxidative stress was reduced compared to uremic rats receiving vehicle (propylene glycol) [5] . Gene expression of retinoid X receptor (RXR) alpha was markedly higher in glomeruli of chronic glomerulonephritic than non-nephritic rats [6] . Retinoids regulated the repairing process of the podocytes in puromycin aminonucleosideinduced nephritis in rats [7] .
We have attempted to compare distribution of VD pathway gene polymorphisms in ChGN patients showing glomerular filtration rate (GFR) category 1-3, ChGN patients treated with maintenance hemodialysis (HD), and healthy controls to elucidate the role of VD-related polymorphisms in the course of ChGN.
Material and Methods

Patients and controls
The study was conducted in the Department of Nephrology, Transplantology and Internal Diseases, Poznan University of Medical Sciences (PUMS), Poznan, Poland. ChGN patients with GFR category 1-3 (n=195) and ChGN patients showing GFR category 5D (n=178) were enrolled into the study. Non-dialyzed patients (GFR category 1-3) were diagnosed (including renal biopsy) and treated in the university hospital and subsequently in the outpatient university clinic. Dialyzed ChGN patients (GFR category 5D) were recruited from dialysis centers located in the Wielkopolska region of Poland. Out of dialyzed patients, those who underwent renal biopsy had this procedure performed in the university hospital. Main basic data of ChGN patients are shown in Table 1 All enrolled subjects underwent testing for polymorphisms of genes encoding VD binding protein (GC, rs2298849, rs7041, rs1155563), VDR (VDR, rs2228570, rs1544410), and RXR alpha (RXRA, rs10776909, rs10881578, rs749759).
Genotyping
Genotyping was performed in the Department of Biochemistry and Molecular Biology, PUMS, Poznan, Poland.
Genomic DNA for genotype analysis was isolated from peripheral blood lymphocytes by salt-out extraction procedure. Genotyping of the GC rs1155563, GC rs2298849, RXRA rs10881578, and RXRA rs10776909 polymorphisms was carried out by high-resolution melting curve analysis (HRM) on the Bio-Rad CFX96 Real-Time PCR system (Bio-Rad, Hercules, CA). DNA fragments amplified with the use of specific primers were subjected to HRM with 0.1°C increments in temperatures ranging from 71 to 92°C. Genotyping of the GC rs7041, RXRA rs749759, VDR rs1544410, and VDR rs2228570 was performed using the polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP) method according to the manufacturer's instructions (Fermentas, Vilnius, Lithuania). Primer sequences and conditions for HRM and PCR-RFLP analyses are presented in Supplementary material online, Table 1 . For quality control, approximately 10% of the randomly chosen samples were re-genotyped. Samples with ambiguous results were excluded from further statistical analyses.
Statistical methods
The chi-square test was used to check Hardy-Weinberg equilibrium (HWE). Power analysis was performed by Fisher exact test.
For continuous variables, the Mann-Whitney test, t test, or Cochran-Cox test was used, as appropriate. Polymorphisms were tested for association with ChGN using the Cochran-Armitage trend test (P trend ). Genotype distributions were compared between cases and controls by standard c 2 test (P genotyping ). Both P trend and P genotyping should be below 0.05 for significance.
Odds ratios (ORs) with 95% confidence intervals (95%CIs) were used to assess the strength of the association. Three inheritance models (dominant, recessive, and additive) were analyzed.
All probabilities were 2-tailed. The P values with the Bonferroni correction for multiple testing were considered significant if a P value was lower than 0.017 (1 SNP, 3 models, 1 phenotype). Age and sex were covariates used for an adjustment.
Statistical analysis was performed using Graph-Pad InStat 3.10, 32 bit for Windows, created 
Ethical approval
The research design was approved by the Institutional Review Board of Poznan University of Medical Sciences, Poland. Written informed consent was obtained from all study participants.
Results
In all examined groups, all tested polymorphisms were in accordance with HWE. The only polymorphism associated with ChGN was that of RXRA rs10776909.
GFR category 1-3 ChGN patients did not differ in distribution of VD pathway gene polymorphisms from controls (Table 2) or GFR category 5D ChGN subjects (Table 3) . In this group, frequencies of CC, CT, CT+TT, and minor allele frequency (MAF) of RXRA rs10776909 were between those shown in controls and GFR category 5D ChGN individuals. A significant trend for decreasing frequency of CC genotype with concomitant increasing frequency of allele T was demonstrated in tested groups categorized with accordance to GFR (controls -normal GFR, GFR category 1-3 ChGN patients -moderately decreased GFR, HD patients -severe GFR deterioration) ( Figure 1 ).
In GFR category 1-3 ChGN patients, the distribution of individuals showing nephrotic syndrome in the course of ChGN was not statistically different from RXRA rs10776909 polymorphic variant. GFR differences did not reach statistical significance. However, among GFR 1-3 subjects possessing TT genotype of RXRA rs10776909 (n=8), 75% of patients had nephrotic syndrome, and 37.5% of individuals revealed minimal change disease. Glomerular hyperfiltration defined as GFR over 140 ml/min/1.73 m 2 [8, 9] was shown in 37.5% of TT subjects (all had nephrotic syndrome), and serum creatinine concentration was significantly lower in all these patients compared to the remaining subjects (Table 4) .
GFR category 1-3 ChGN patients, showing the most frequently occurring histological type of ChGN -MesGN -did not differ in a frequency distribution of RXRA rs10776909 polymorphism from healthy subjects. None of the MesGN patients (n=142) differed from healthy subjects in respect to RXRA rs10776909 polymorphism (Supplementary material online, In GFR category 5D ChGN patients, frequencies of RXRA rs10776909 MAF (25% vs. 19%), CT (42% vs. 30%), and CT+TT (46% vs. 34%) were higher compared to frequencies of respective polymorphic variant in controls (P trend =0.004, P genotyping =0.008) ( Table 5 ). After stratification for potentially confounding factors such as sex or age, all significant differences were maintained (Supplementary material online, Table 3 ).
When frequencies of RXRA rs10776909 genotypes and allele of all ChGN patients (n=373) were compared to those of controls, higher frequency of allele T in ChGN subjects was demonstrated (Table 6 ). Significance was slightly weaker after adjustment for age and sex, but maintained (Supplementary material online, Table 4 ).
Discussion
Despite clinical and experimental evidence indicating associations of 1,25(OH) 2 D 3 , VD binding protein and VDR with glomerular injury [1] [2] [3] [4] [5] , associations of nucleotide variants of GC and VDR with ChGN were not found in the current study, either in early or in late disease stages. The only polymorphism significantly associated with ChGN was that of RXRA rs10776909. ChGN subjects with GFR category 1-3 and 5D being analyzed as a whole group showed higher RXRA rs10776909 allele T frequency than healthy subjects did.
VDR forms a heterodimer with RXR to regulate target gene transcription [10] . RXRA encodes RXR alpha, but the function of the protein product of this gene is still not completely understood. Ovsyannikova et al. [11] RXRA haplotype, including major allele of rs10776909 among 7 other RXRA alleles. We have shown that RXRA polymorphic variants (rs10776909, rs10881578, rs749759) were not involved in determining response to hepatitis B vaccination in dialysis patients [12] .
Retinoid acid receptors and RXRs with isoforms alpha, beta, and gamma are expressed in kidneys and codetermine the final number of glomeruli in rats [13] . In the studies by Schaier et al. [6] , gene expression of RXR alpha was markedly higher in glomeruli of nephritic than non-nephritic rats. AGN 194204, having a high specificity to RXRs, decreased mesangial cell proliferation, the glomerular cell count per glomerular section, mesangial matrix expansion, the glomerulosclerosis index, the tubulointerstitial area, the interstitial cell count, the number of glomerular monocytes/macrophages (ED-1+ cells), expression for the gene for transforming growth factor beta 1 in glomeruli, and expression of RXR alpha. These changes were accompanied in nephritic rats by decreased blood pressure and albuminuria, but creatinine clearance remained unchanged. Therefore, RXR-specific agonist reduced renal injury in established ChGN in rats [6] .
Distribution of nephrotic syndrome in GFR 1-3 patients selected according to RXRA rs10776909 genotypes did not differ significantly; however, this finding was influenced by the small number of TT homozygotes among tested individuals. Nephrotic syndrome was found to be associated with glomerular hyperfiltration (GFR >150 ml/min/1.73 m 2 in this study) in 35.5% of subjects, with minimal change in disease [14] . The significantly lower serum creatinine concentrations in TT genotype bearers suggest that this genotype may be associated with glomerular hyperfiltration occurring in some patients with nephrotic syndrome. Glomerular hyperfiltration seems to be 3677 associated with a poorer prognosis [14] . Therefore, it should not be a surprise that frequency of allele T is higher in ChGN patients with severely deteriorated renal function. However, a prospective study showing a clinical course of ChGN in patients differing in RXRA rs10776909 genotypes could be reasonable to confirm (or exclude) the role of allele T in progression of the disease.
Glomerular hyperfiltration occurs in several clinical conditions [8, [15] [16] [17] [18] [19] [20] , also in type 1 diabetes mellitus (DM) [19] as well as type 2 DM [8, 20] . It is seen early in the course of DM and persists until the time macroalbuminuria appears. Glomerular hyperfiltration in DM did not predict worsening albuminuria or declining GFR during 4-year follow-up [20] , but it is associated with a poor prognosis for development of diabetic kidney disease [9] . In our previous study, there were no significant differences in a frequency distribution of RXRA rs10776909 polymorphic variants between type 2 DM nephropathy patients in GFR category 5D and controls [21] . This indicates that RXRA rs10776909 polymorphism is specifically related to severity of ChGN but not to end-stage type 2 diabetic nephropathy.
Individual clinical presentation and survival rate in primary ChGN markedly depend on histological changes in glomeruli [22] . The weak point of our study is the relatively small number of ChGN patients, and a lack of renal bioptates in most patients with GFR category 5D. Our findings may lead to further exploration of the VD-related genetic basis of specific types of ChGN. 
